The mechanism for the inactivation involves the reaction of one molecule of hydrogenase with one molecule of 02 (or two oxygen atoms) in the transition complex of the rate-limiting step. The second order rate constant for this reaction is 190 atmospheres-' minute-1 (1.4 x 105 molar-' minute-1). At levels above 0.01 atmosphere 02, the increased numbers of 02 molecules may compete for the site of inactivation hindering the proper orientation for inactivation of any one 02 molecule and resulting in lowered rates of inactivation.
Since the initial observation of H2 metabolism in green algae the sensitivity of algal H2 metabolism to O2 has been noted (5) . Simultaneous uptake of H2 and O2 (the oxyhydrogen reaction) is inhibited when the O2 level exceeds a specific concentration (6, 10) . Also, the photoproduction of 02 in algae will cause cessation of H2 metabolism. Removal of photoproduced O2 reversed the inhibition of hydrogenase (9) . Such a loss of H2 metabolism is termed deadaptation. Most studies on deadaptation have not directly determined the actual change in cellular hydrogenase concentration but have relied on over-all changes in H2 metabolism. Such metabolism often involves variable levels of other enzymes, electron donors, and acceptors in addition to the hydrogenase itself.
Although both cell-free algal and bacterial hydrogenases are known to undergo irreversible inactivation by 02 only a few studies have discussed the kinetics. Toai et al. (13) C. moewusii was grown in minimal medium plus acetate (7) .
The hydrogenase was prepared as above.
Assays. Protein was assayed by the biuret method (8) and Chl was assayed spectrophotometrically in 80% acetone (2) . The enzyme was assayed by MV3 reduction followed on a Gilford recording spectrophotometer at 605 nm. Hydrogenase solution was injected into a cuvette with 2.0 ml of anaerobically prepared 10 CO inhibition was observed by MV reduction after injection of hydrogenase (purified through the DEAE-cellulose step) into cuvettes containing concentrations of CO, H2, and MV specified under "Results."
In checking the reversibility of CO and 02 inhibition or the effects of combinations of these compounds on hydrogenase, 5 to 10 ml of enzyme solution was incubated in 157-ml bottles with shaking. At specified times l-ml aliquots were removed and frozen in liquid N2. When all aliquots were removed they were rapidly thawed and repeatedly evacuated and flushed with N2 to remove all CO and O2. The samples were then assayed by MV CO versus 02 Inhibition. When partially purified C. reinhardi hydrogenase was incubated in a mixture of CO and 02 a protective effect was exerted by the CO. Increasing the CO levels resulted in a progressive lowering of hydrogenase inactivation rates by 02 (Fig. 5) . At 1.0 atm CO, no loss of hydrogenase activity was observed after 30-min incubation in 0.001 atm 02 (second solid circle on the curve) while no activity remained when CO was absent. The addition of H2 to the CO-02 gas phase partially counteracted the protective effect of the CO (Fig. 6) .
Deadaptation. When C. reinhardi cell suspensions (adapted 3 h)
were placed under conditions of deadaptation (0.010 atm 02) there was a rapid decline in cellular hydrogenase content (Fig. 7) . Addition of 0.01 atm CO greatly reduced the inactivation rate. The addition of H2 had little effect on the inactivation rate under CO plus 02 but did retard inactivation when 02 alone was present. Considering this finding the 60%o stimulation of 02 uptake by the presence of H2 is to be noted (Fig. 8) . CO tends to depress 02 uptake somewhat. Also 02 uptake is less at 48 h than at 3 h.
At 48 h the kinetics of cellular hydrogenase inactivation (Fig.  9) closely resembled those of the partially purified enzyme (Fig.  6) . 02 alone rapidly inactivated the enzyme (with little protection through the addition of H2) whereas CO protection against 02 inactivation was diminished by the presence of H2.
The rates for deadaptation in whole cells and for cell-free hydrogenase inactivation by O2 were compared. Deadaptation rates of 3-h-adapted cells at 0.001 and 0.010 atm O2 tended to be lower or equal to the rates of inactivation of cell-free hydrogenase. For 48-h-adapted cells, however, the deadaptation rate of 0.010 atm O2 varied from 50 to 150% of the cell-free inactivation rates and at 0.001 atm O2 the range was even greater at 50 to 300%o. We did not have sufficient data to establish a correlation of these fluctuations with varying O2 uptake rates.
The anaerobic incubation altered the appearance of the algal cells. Within Above 0.01 atm O2 a second reaction interferes with O2 inactivation (Fig. 2) . At 0.1 atm and 1.0 atm O2 the rates of inactivation decrease with time. A possible explanation is that a number of 02 molecules converge on the hydrogenase molecule and attempt to bind at the site of inactivation but no single O2 molecule can achieve the steric orientation necessary to elicit inactivation of the hydrogenase.
A comparison of 02 inactivation at 0.001 atm O2 shows that the hydrogenase from C. moewusii loses activity at half the rate of the C. reinhardi enzyme (0.082 min-' versus 0.176 min-'). Comparisons of reaction parameters for H2 activation and physical structure ofhydrogenases from organisms with unequal O2 inactivation rates might be of some interest in determining the factors involved in O2 inactivation.
The inhibition by CO versus H2 for C. reinhardi hydrogenase was competitive with a Ki of 0.0010 atm CO (Fig. 4) . Competitive inhibitions were also observed for hydrogenases from P. vulgaris, Desulfovibrio desulfuricans, and C. pasteurianum with Ki values of 18, 3, and 5.6 /AM, respectively (3, 12) . The Ki (0.9 ± 0.8 JiM CO) for C. reinhardi hydrogenase is somewhat lower than for the hydrogenases from nonphotosynthetic organisms. 
